Abstract: When femtosecond laser pulses are focused in the bulk of transparent materials (glasses), deposition of energy on a restricted volume can occur owing to the non linear character of the laser matter interaction. As a consequence, the possibility to generate micrometer-sized structural modifications arises. Those local changes are often associated with a minute variation in the refractive index which, when positive, enables the fabrication of light guiding components in three dimensions through simple laser translation. Although the first corresponding experimental demonstration approaches fifteen years of age, the complete picture of the dynamics and the processes leading to the local refractive index changes has still to be drawn to reach an optimal control of the laser-induced modification process. In this report, the laser-dielectric interaction is followed on an ultrashort time scale with the help of a unique time-resolved side-imaging technique allowing for absorption and phase contrast detection. Experimental observation of an absorptive electronic cloud in the first moments of the interaction along with the launch of a pressure wave after a few ns is reported. These physical objects are shown to be reliable indicators of the success of the energy transfer to the lattice which largely depends on the pulse temporal envelope.
Introduction
The technique of ultrafast laser processing of bulk transparent materials knows a growing importance as reported by the numerous demonstrations of various photonic devices achieved in its frame [1] . Micrometer sized lattice modification are reachable due to the highly non linear nature of the interaction between the infrared ultrashort pulses and t he transparent material. Local optical properties are thus influenced by the femtosecond irradiation, resulting in possible variations of birefringence, absorption and refractive index [2] . As a consequence, optical components can be photodrawn in three dimensions by translation of the laser spot in the bulk of the sample [3] .
From a fundamental point of view, a better understanding of the successive steps conducting to the permanent bulk modification is obviously an indispensable study to be carried out in order to exploit the full potential of femtosecond bulk processing. In the following, microscopic imaging of the material transient states under femtosecond irradiation on a ultrafast time scale is reported.
Experimental Methods
The experimental apparatus is based on a noncollinear pump-probe technique [4] . The radiation source is an ultrafast laser system delivering 160 fs pulses at 800 nm. The laser beam is divided into two parts, one being used to excite the material, while the second is spatially magnified, frequency doubled, and used to image the excitation region in a perpendicular geometry with a time resolution of 0.6 ps.
A microscope objective (numerical aperture NA = 0.45) focuses the pump beam into the bulk of the samples, which are polished parallelepipeds of 3 × 20 × 10 mm. The focal plane is fixed at a depth of 200 µm. The blue probe beam enters the illumination path of a modifie d phase contrast microscope (Olympus BX41). The final picture is recorded with the help of an intensifying CCD camera. This setup allows for ultrafast imaging in optical transmission microscopy (OTM) mode or in phase contrast microscopy (PCM).
Results and Discussion
PCM pictures of permanent bulk modifications subsequent to laser irradiations in fused silica are presented in Fig. 1. 
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In all cases, the pulse energy is 0.4µJ inside the material and the laser comes from left. However, the number of pulses per sites varies as well as scanning direction of the sample. As already reported, the high accumulation of light pulses leads to dramatic evolution of the modified area in fused silica accompanied with an increase of the affected volume [15] . Upon longitudinal translation of the sample guiding structures are readily achievable. Examples of time resolved investigations at high energy are reported in Fig. 2 . The strong electronic cloud clearly visible in Fig. 2 a) extents to a much larger region than the permanent damage. Interestingly enough, the absorption peaks are closely correlated to the presence of permanent changes (Fig. 2b) ). Regular dots preceding the main focal point are also observable. Our first investigations permits to think that these modifications are simply related to the irradiation focal map according to simple Fourier propagation simulations (not shown here). For time delays in the order of the nanosecond, the launch of a relatively strong pressure wave takes place and requires the phase contrast imaging to be detectable.
Conclusion
The electronic cloud along with the launch of the pressure wave are pictured on a ultrafast time scale. At high intensities, regular structures preceding the main focus are observed presumably linked to the focal irradiation map as predictable from Fourier propagation simulations. Further investigations concerning the non linear effect are envisaged.
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